INTRODUCTION {#sec1-1}
============

Periodontal disease is a common inflammatory disease that affects the tissues surrounding teeth; it is caused by an uncontrolled immunological activation of bacterial infections affecting soft and hard tissues, leading to destruction of the periodontium.\[[@ref1][@ref2]\] The disease is progressive and affects certain structures around the teeth, such as the periodontal ligament and bone matrix.\[[@ref3]\] Furthermore, an inflammatory reaction is trigged by periodontal pathogens. The host\'s immune response regulates both homeostasis and immunity, which is mediated by immune signaling,\[[@ref1][@ref3][@ref4][@ref5]\] especially that related to oxidative balance.\[[@ref3]\] Periodontitis is related to an increased risk of developing several chronic inflammatory diseases, such as cardiovascular disease (CVD), metabolic syndrome, diabetes, and rheumatoid arthritis.\[[@ref6][@ref7][@ref8]\] Mounting evidence indicates that inflammatory mechanisms play a considerable role in atherogenesis and CVD.\[[@ref9]\] In this sense, immunological activation may lead to the synthesis of mediators in periodontal tissues.\[[@ref10][@ref11]\] The release of mediators in chronic periodontal diseases depends on several factors, including persistent infection.\[[@ref12]\] Thus, the upregulation of inflammatory factors during periodontal diseases is associated with the concomitant development of several diseases with systemic features, including CVD.\[[@ref13][@ref14]\]

Recent studies demonstrated a significant reduction in C-reactive protein (CRP) and tumor necrosis factor α (TNF-α) levels after periodontal care in individuals with CVD.\[[@ref9]\] A signaling mechanism linked the amplification of osteoclastogenesis and its inflammatory mediators to the induction of β-adrenergic receptors.\[[@ref15][@ref16]\] Adrenoceptors are cell membrane receptors that are expressed in several tissues throughout the body. Their activation regulates the activity of several organs, including the heart, lungs, skin, and brain,\[[@ref17]\] as well as osteoclasts.\[[@ref18]\] Our group recently demonstrated that blockage of adrenoceptors with propranolol, a selective β-adrenoceptor antagonist, is important for the regulation of local inflammatory mediators; they contribute to tissue injury by reducing RANK-L expression, and consequently, osteoclastogenesis in periodontal disease.\[[@ref19]\] Propranolol decreased cell migration, activation, and proliferation in experimental studies on cancer. These effects have been attributed to the inhibition of cAMP/protein kinase (PK) A and Ras signaling, induction of the mitogen-activated PK pathway, and some transcriptional factors, resulting in increased gene expression.\[[@ref20][@ref21][@ref22]\] Furthermore, β-adrenergic receptors appear to be associated with increased expression of cytokines in microglial cells.\[[@ref23]\] However, blocking of these receptors with propranolol may reduce sympathetic hyperactivity and decrease disease onset in a model of acute traumatic coagulopathy.\[[@ref24]\] As CVDs are associated with an increase in the amount of circulating cytokines and acute-phase proteins, the aim of this study was to determine the effect of propranolol on hematological parameters, systemic cytokines, and CRP levels in an experimental model of periodontitis.

MATERIALS AND METHODS {#sec1-2}
=====================

Animals {#sec2-1}
-------

Ninety-day-old Wistar rats weighing 235 ± 22 g at the beginning of the study were used (*n* = 30). The animals were divided into five groups with equal numbers per group (*n* = 6). The protocol used in this study was approved by the Institutional Committee for Animal at University of Uberaba (protocol \#048/2009).

Experimental design and periodontitis induction {#sec2-2}
-----------------------------------------------

Experimental periodontitis was induced after relaxation and sedation of the animals. Animals were submitted to general anesthesia with xylazine (10 mg/kg intraperitoneally) and ketamine (50 mg/kg intraperitoneally), after anesthesia, sterile 4/0 silk ligatures (Ethicon, Johnson e Johnson, São Paulo, SP, Brazil) were placed around of the first molars of each animal. The ligatures were left in position for the entire experimental period so inflammation could be constantly induced by bacterial colonization of the surrounding tissue. Twenty-four hours after ligation, the animals were randomly assigned to the following groups: healthy animals that received vehicle (control, without disease), sick animals that received vehicle, and sick animals that received propranolol (0.1, 5, and 20 mg/\[kg • d\]), previously standardized concentrations for low, medium, and high dosage.\[[@ref24]\] For sample size calculation (*n* = 6), we considered the probability *P* = 0.5 at which some event occurs (increase and/or decrease); thus, for *P* = (0.5)^events^, *P* = (0.5)^6^ means *P* = 0.01 (*P* \< 0.05).\[[@ref25]\]

Hematological parameters {#sec2-3}
------------------------

Thirty days after ligature placement, rats were anesthetized using an intraperitoneal injection of 40 mg/kg sodium pentobarbital (Nembutal^®^, 50 mg/mL; Dainippon Pharmaceutical, Osaka, Japan) to collect blood from their ophthalmic plexuses. The blood was separated into two tubes. One tube contained ethylenediaminetetraacetic acid (0.3 mg/mL) (Sigma-Aldrich, St. Louis, MO) for the measurement of hematological parameters, and the other did not contain any anticoagulant for protein quantification from serum. Rats were finally euthanized by administration of an overdose of anesthesia. Blood counts were measured using an automated analyser (ABX MICROS 60; Horiba ABX Diagnostics; France), and the differential leukocyte counts were obtained manually by smearing blood onto glass slides and dyeing with a panoptic stain (Newprov Products Laboratory LTDA, Brazil).

Histological procedures and histometric analyses {#sec2-4}
------------------------------------------------

The mandible was dissected, fixed in 10% buffered neutral formalin for 48 h, and decalcified in 10% ethylenediaminetetraacetic acid for 3 months, followed by dehydration, diaphanization, and paraffinization. Each sample was subsequently sliced into 6-μm sections; when the furcation area was completely evident, the first and last sections were excluded. Sections were mounted on glass slides and stained with hematoxylin and eosin for histometric analysis.\[[@ref19][@ref26]\] Images were evaluated using the ImageJ software (Rasband, WS; ImageJ, US National Institutesof Health, Bethesda, MD, USA) package to calculate the number of cells per unit area. The area analyzed was standardized by random insertion of a square (51.25 × 10^-3^ mm^2^) into the area evaluated, to achieve a total area of 10.25 × 10^-1^ mm^2^ per animal.

Cytokine detection {#sec2-5}
------------------

Serum levels of TNF-α and interleukin 6 (IL-6) were determined by an enzyme-linked immunosorbent assay as per the manufacturer\'s instructions (R and D Systems, Minneapolis, MN, United States). Cytokine concentration was expressed in pg/mL. Results were calculated using the standard curves for each assay.

Estimation of C-reactive protein concentration {#sec2-6}
----------------------------------------------

Whole blood was centrifuged at 1831 g for 10 min, and serum CRP was evaluated using an immunoturbidimetric CRP-latex high-sensitivity assay (Denka Seiken, Tokyo, Japan) (lower limit ≈ 0.1 mg/L; upper limit = 10 mg/L). An internal quality control was applied for all laboratory tests.\[[@ref27]\]

Statistical analysis {#sec2-7}
--------------------

The Prism 4.0 software package was used (GraphPad, La Jolla, CA, USA). Normality (Kolmogorov--Smirnov test) and homogeneous variance tests (Bartlett\'s test) were applied to all variables. Parametric tests were conducted for cases with normal distributions and homogeneous variance, and the results were expressed as mean ± standard deviation. Nonparametric tests were used for cases with non-Gaussian distributions, and the results were expressed as median, maximum, and minimum values. Data with *P* ≤ 0.05 were considered significant.

RESULTS {#sec1-3}
=======

Experimental periodontitis induced by ligature placement {#sec2-8}
--------------------------------------------------------

An area of 51.25 × 10^-3^ mm^2^ per histological section (a total area of 10.25 × 10^-1^ mm^2^ per animal) was evaluated to verify the increase in cell number \[inflammatory infiltrate; [Figure 1a](#F1){ref-type="fig"}\]. The number of cells by area of inflammatory infiltrate increased significantly in the untreated and 20 mg/kg propranolol group compared to that in the other groups \[*P* \< 0.05; Figure [1b](#F1){ref-type="fig"}--[g](#F1){ref-type="fig"}\].

![Experimental periodontitis was induced by ligature placement. (a) Panoramic image of histological sections. The quadrants indicate the area of analysis per image and the asterisk indicates the alveolar bone. (b-f) Representative images of each group (sham-ligated and ligated with vehicle, 20, 5, and 0.1 mg/\[kg•d\] propranolol, respectively). The arrows indicate the inflammatory infiltrate. (g) Comparison of proportions of the infiltrated cells by area evaluated between the different groups. The letters a, b, and c represent statistical differences among groups (*P* \< 0.05)](JISP-23-511-g001){#F1}

Plasma concentrations of tumour necrosis factor-α, interleukin-6, and C-reactive protein {#sec2-9}
----------------------------------------------------------------------------------------

Systemic levels of TNF-α, IL-6, and CRP were determined \[[Figure 2](#F2){ref-type="fig"}\]. We observed a significant increase (*P* \< 0.05) in the plasma concentration of TNF-α in animals with experimental periodontitis (48.59 ± 3.59 pg/mL), compared to that in animals without periodontitis (8.83 ± 2.07 pg/mL) \[[Figure 2a](#F2){ref-type="fig"}\]. The same pattern was observed for IL-6 (15.04 ± 5.48 pg/mL in the group without periodontitis and 47.25 ± 6.22 pg/mL in the group with periodontitis). TNF-α production in animals with periodontitis treated with 0.1 mg/kg propranolol (13.67 ± 1.93 pg/mL) or 5 mg/kg propranolol (18.67 ± 1.14 pg/mL) was strongly and significantly lower than that in animals with periodontitis not treated with propranolol (*P* \< 0.05). Rats treated with 20 mg/kg propranolol also showed significantly lower TNF-α production than the untreated disease group, although this effect was notably less evident than in low-propranolol groups \[[Figure 2a](#F2){ref-type="fig"}\]. Regarding IL-6 production, all the groups treated with different doses of propranolol showed significantly lower IL-6 production than the untreated group (47.25 ± 6.22 pg/mL): 16.48 ± 1.42 pg/mL in the group treated with 0.1 mg/kg, 26.53 ± 1.93 pg/mL in the group treated with 5 mg/kg, and 24.58 ± 2.50 pg/mL in the group treated with 20 mg/kg propranolol \[[Figure 2b](#F2){ref-type="fig"}\]. As shown in [Figure 2c](#F2){ref-type="fig"}, animals with experimental periodontitis had higher concentrations of CRP (1.175 ± 0.142 ng/mL) than animals without periodontitis (0.400 ± 0.096 ng/mL). CRP production in animals with periodontitis treated with low concentrations of propranolol (0.1 and 5 mg/kg) did not differ significantly from that in the control group (*P* \< 0.05). In contrast, animals with periodontitis treated with high doses of propranolol showed CRP levels similar to that of the untreated animals.

![Effects of propranolol administration on systemic levels of pro-inflammatory cytokines and C-reactive protein. Thirty days after periodontitis induction and treatment with propranolol, serum levels of tumor necrosis factor-α (a), interleukin-6 (b), and C-reactive protein (c), were estimated. The letters a, b, and c represent statistically signifi cant differences among groups (*P* \< 0.05). ANOVA followed by Bonferroni\'s test was performed to compare groups](JISP-23-511-g002){#F2}

Effects of propranolol on hematological parameters from animals with experimental periodontitis {#sec2-10}
-----------------------------------------------------------------------------------------------

We also assessed differences in the counts of erythrocytes, platelets, total leukocytes, neutrophils, lymphocytes, and monocytes in the blood of animals in the different groups in this study. We observed a decrease in the number of erythrocytes (6.81%), hematocrit (4.49%), hemoglobin (30%), leukocytes (10.65%), and lymphocytes (18.25%) in animals with induced periodontitis compared to the negative control. An increase in red blood cell distribution width (by 7.16%), platelets (by 9.85%), and neutrophils (by 17.01%) was observed. The absolute values of monocyte counts in animals with induced periodontitis treated with 20 mg/kg of propranolol were lower than those in animals of other groups. None of the variations described for hematological parameters were statistically significant (*P* \> 0.05). The individual results are shown in Figure [3a](#F3){ref-type="fig"}--[i](#F3){ref-type="fig"}.

![Evaluation of hematological parameters. As depicted above, erythrocytes (a), hematocrit (b), hemoglobin (c), red cell distribution width (d), platelets (e), total leukocytes (f), neutrophils (g), lymphocytes (h), and monocytes (i) were quantified. The erythrocytes, hematocrit, hemoglobin, and red cell distribution width were evaluated automatically (ABX MICROS 60, Horiba ABX Diagnostics; France). The total number of leukocytes was counted with a Neubauer chamber, and the differential cell count (100 cells in total) was obtained from the stained blood smears. ANOVA and Bonferroni\'s test were used for group comparison](JISP-23-511-g003){#F3}

DISCUSSION {#sec1-4}
==========

In this study, we observed that the production of pro-inflammatory factors decreased in our model of periodontal disease when the animals were treated with propranolol. Notably, the therapeutic dosage of propranolol varies and depends mainly on the objectives of drug therapy. Thus, in this study, we used three propranolol concentrations, the lowest of which does not alter cardiac parameters and is close to the dose proposed for the initial treatment of some hemangiomas;\[[@ref28]\] the other doses are therapeutic doses capable of interfering with cardiac function or are above the therapeutic dose.\[[@ref18]\] We focused on the pro-inflammatory proteins CRP, IL-6, and TNF-α, as their levels increase systemically after induction of experimental periodontal disease, and as they may be associated with CVDs.\[[@ref29][@ref30][@ref31][@ref32][@ref33]\] Although few studies, including the present study, support these observations, there is a growing interest in developing methods for modulating the production and secretion of pro-inflammatory molecules during periodontal diseases to reduce the incidence of human CVDs.\[[@ref34]\]

Our current data suggest that inhibition of the inflammatory process triggered by CRP, IL-6, and TNF-α, either specifically in the periodontium or systemically using β-blockers, reduces the severity of periodontal diseases, and consequently, the risk of CVDs. In the present study it was found that the effects of propranolol are dependent on drug concentration, and the same has been demonstrated by other researchers.\[[@ref19][@ref23][@ref35]\] Smaller doses of propranolol have shown good tolerability and exceptional antagonistic action in the treatment of infantile hemangioma.\[[@ref28][@ref36]\] Given the limitation of the experimental model, the clinical effects of the different parameters that propranolol can act should be better evaluated. Despite evidence of a decrease in negative effects in the case of higher concentrations (5 mg/\[kg • d\]), propranolol does interact with the cardiovascular system,\[[@ref19]\] leading to changes that are expected and already exploited for therapeutic use in humans, such as induction of bradycardia. At even higher concentrations (20 mg/\[kg•d\]), propranolol not only negatively affects the cardiovascular system but also does not effectively reduce bone resorption.\[[@ref19]\]

We believe that adrenergic blocking of inflammation and regulation of the expression of genes involved in inflammatory responses, such as nuclear factor-κB, is also dose dependent.\[[@ref19][@ref23][@ref24]\] Thus, dysregulation of the transcription of pro-inflammatory proteins\[[@ref19]\] associated with the systemic effects of high doses of propranolol (20 mg/\[kg•d\]) potentiates negative effects, as shown in our study.

Despite the biological effects of propranolol, the mechanism of action of this β-blocker remains unclear. Further studies are required to determine whether the signaling characterized by the activation of several inflammatory molecules in periodontitis is affected by propranolol in periodontal disease.

Regarding adrenergic receptor ligands and periodontal diseases, we have previously established that the β-blocker propranolol suppresses the local inflammatory markers and bone resorption by inhibiting osteoclastogenesis.\[[@ref19]\] Herein, we have further demonstrated that this suppression is reflected in the type of cells present in inflammatory infiltrates and in the systemic levels of pro-inflammatory proteins involved in cardiovascular alterations. In agreement with this result, the present study also indicates that the decrease in bone resorption observed after treatment with propranolol is dose dependent. Other side effects of propranolol have been observed and include bradycardia, hypotension, hyperglycemia, rash, gastrointestinal discomfort or reflux, fatigue, and bronchospasm.\[[@ref37]\]

Furthermore, the results presented here can act as a basis for new clinical studies that seek to relate inflammatory diseases, including periodontitis, to the manifestations of CVD. In addition, our results demonstrate that β-adrenergic receptors are involved in the signaling and potentiation of mediators related to CVD and are dose dependently controlled by propranolol. Overall, β-adrenergic blockade indirectly contributes to the pattern of systemic inflammatory molecules that are involved in CVD progression because of experimental periodontitis.

CONCLUSION {#sec1-5}
==========

Together, the data support the conclusion that, the β-adrenergic activation indirectly contributes to the pattern of systemic inflammatory molecules observed in periodontal disease. These molecules may initiate cardiovascular diseases as a consequence of periodontitis.
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